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ABSTRACT 
The r e s u l t s  of an i n iens i ve  l i t e r a t u r e  review i n  t h e  qeneral 
t o p i c s  o f  human error analysis, s t ress  and job performance, and 
accident and safety  analys is  revealed no usable techniques or 
approaches fo r  analyr inq human error i n  qround or space 
operations tasks. CI Task Review Model i s  described and proposed 
to be developed in order to reduce the  degree o f  labor 
intensiveness i n  ground and space operations tasks. An extensive 
number o+ annotated references are provided. 
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FOREWORD 
T h i s  grant (N4G10-0010) w a s  d i rec ted  by The Future Pro jec ts  
O f f i c e  a t  Kennedy Space Center, F lor ida.  
This repor t  summarizes the  r e s u l t s  of  Phase I .  There are 
ant ic ipated t o  be three successive Phases. Devel oped and 
va l idated w i l l  be two models f o r  addressing the  po ten t i a l  f o r  
human e r ro r  i n  ground or space operations tasks. F i r s t  w i l l  be 
The Task Review Model (TRM) which w i l l  reduce the  degree of labor 
intensiveness i n  a task.. Second a Human Role Evaluat ion Model 
(HREM) w i l l  determine a Role C r i t i c a l i t y  C r i t e r i o n  (RCC) f o r  each 
human r o l e  i n  a task which has been reviewed by the  TRM. There 
w i l l  be d i f f e r e n t  l e v e l s  of c r i t i c a l i t y  i n  t h e  RCC. I n  addi t ion.  
f o r  human r o l e s  w i th  undesirable RCC values. t he  HREM w i l l  
develop a Personnel Management C r i t e r i o n  (PMC) which w i l l  
de l ineate s k i l l - l e v e l  and experience requi red and recommend work 
period, break period, and r e s t  per iod durations. 
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FINAL REPORT 
FINAL REPORT 
NOSFI: Model Development for Human Factors Interfacing 
Grant NE\G 10-00 1 Q 
Space systems operations comprise a broad spectrum of 
different activities. There are multiple checks of electrical, 
mechanical, and fluid connections; fuel and oxidizer transfers: 
onloading, act i vatingldeacti vat ing pay1 oads/experiments; orbiter 
and space vehicle relocations, etc. II large portion of these 
operations are l-tbor intensive in that many humans, many manual 
tasks, or a combination of both are involved. Many of these 
tasl:.s are also hazardous toward personnel , systems, and missions 
due to the space environment and/or hazardous systems 
involvement. Due to the complexity of space operations. the 
involvement of hazardous systems, and the high degree of labor 
intensiveness, most space operations require long periods of time 
to accomplish. It is noteworthy that the time required for a 
human to successfully accomplish any task increases in direct 
proportion to the complexity of the task. It is anticipated that 
operations activities will be a primary limiting factor in 
determining future flight rates as well as the rate at which 
space experiments and activities can take place and that human 
errors could contribute significantly to a degradation of 
opera t i ona 1 suc c ess . Therefore, methods to evaluate human 
involvement and to analyze the human role are necessary to 
ameliorate the potential for cnntrc’l ing critical errors. 
Let  the  premise therefore be t h a t  there e x i s t s  a po ten t i a l  
f o r  human e r r o r  (hereinafter re fe r red  t o  as HEP: Human Er ror  
Po ten t i a l )  and t h a t  there are  a l a rge  number o f  human e r r o r s  
which are deemed undesirable i n  ground and space sysfems' due t o  
the  character, magnitude, sever i ty ,  and/or t ime l iness  of  the  
consequences of  such errors.  
I n  order t o  address these two major issues of  t h i s  premise, 
i t  i s  des i rab le t o  f i r s t  quant i fy  t he  HEP so as t o  be able t o  
p red ic t  the  l i k e l i h o o d  of  e r r o r  commission i n  a given 
appl icat ion.  The a b i l i t y  t o  so pred ic t  would enable analysts t o  
genera l ly  character ize the  l i k e l i h o o d  of severe consequences t o  
poss ib le  human errors .  
Secondly, i t  i s  des i rab le t o  delve i n t o  the  causal f a c t o r s  
which con t r i bu te  (or induce) humans t o  commit er rors .  Clear ly,  
if i t  i s  known what makes humans er r ,  then i t  i s  presumed 
poss ib le  t o  nod i f y  the  s i t u a t i o n  i n  some manner or  form t o  reduce 
the  HEP. 
Therefore, t he  approach can be summarized as f i r s t  being 
able t o  p red ic t  the  HEP and second attempting t o  reduce t h i s  
po ten t i a l .  I t  i s  fundamental t h a t  being able t o  p red ic t  HEF must 
come before being able t o  reduce i t  because i f  the  p o t e n t i a l  
cannot be r e l i a b l y  quanti f ied, i t  would be d i f f i c u l t  a t  best t o  
Characterize the  e f f i c a c y  of any HEP reduct ion e f f o r t s .  
Before any attempts are made to address t h e  issuer  of the  
premise i n  t h i s  manner, i t  i s  advisable t o  survey the  f i e l d  t o  
ascer ta in  what methods and techniques have already been developed 
t o  deal w i t h  HEP. The most l o g i c a l  (and usua l l y  the  most 
e f f e c t i v e )  manner i n  which t o  survey the  p rac t i ces  i n  u i e  i n  the  
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field is t o  conduct a review of the professional literature. In 
this instance the professional literature is construed to entail 
books, journals, dissertations, conference preceedings, pub1 ished 
reports in the private sector, and reports in the public sector 
such as that which is available from the National Technical 
Information Service ( N T I S ) .  
The logic here is that there is no reason to reinvent the 
wheel, namely, if there is a valid, applicable technique reported 
in the field it is more effective use of the time to find it via 
a literature review than it is to develop a new technique from 
scratch. 
It should be intuitively obvious that regarding the topic of 
HEP the ‘field’ is extraordinarily broad in scope simply because 
human beings are involved in nearly all activities. Therefore it 
was decided not t o  select a field of operation, say manufacturing 
or sports. and investigate what might be reported in literature 
related to that area. This approach would tend to grow in scope 
in direct proportion t o  the time invested and it could possibly 
overlook usable information available from sources not selected. 
Consequently, an extensive review of the literature was 
conducted in the following manner. The purpose of the review was 
t o  determine what has been reported in the literature in the 
general areas of (a)  human error analysis, (b) stress and Job 
performance and (c) accident and safety analysis. Interest in 
area (a) was predicated on the assumption that effective 
techniques in dealing with the potential for human error have 
bean developed which are applicable t o  ground (or space) 
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operations tasks. I n t e r e s t  i n  area (b) was predicated on the 
contingency t h a t  tang ib le  r e s u l t s  of t he  + i r s t  p a r t  of the review 
might not be rea l ized.  The r a t i o n a l e  was t h a t  i f  no usable 
techniques i n  human e r ro r  analys is  are evident i n  the l i t e r a t u r e .  
then perhaps usable techniques i n  the area of  s t ress  and job  
performance have been developed and reported which could be used 
as a foundation f o r  the  development of a human performance 
analysis technique which could be used i n  deal ing w i th  HEP. 
I n te res t  i n  area ( c )  was predicated on the idea t h a t  usable 
techni ques have been devel oped through anal y s i  si of the  per iods 
fo l low ing  the occurrence of a human error .  
The human e r ro r  analysis po r t i on  of  the  l i t e r a t u r e  review 
was planned t o  be as broad i n  scope a5 possible. Subtopics a5 
c l a s s i f i c a t i o n  schemes (taxonomies) , e r ro r  data banks, causes of 
human error ,  consequences of human er ro r ,  and human r e l i a b i l i t y  
were invest igated. 
The s t ress  and job performance po r t i on  of the review was 
planned a lso  t o  be broad i n  scope. Included were such subtopics 
as j ob  stress,  s t ress  due t o  non-job sources, means of measuring 
(and enhancing) job performance, psychophysical aspects of j o b  
performance, and fat igue. 
The accident and safety  analys is  p o r t i o n  of the  review 
concentrated on accident inves t iga t ions  and safety  program 
development and evaluation. The general r e s u l t s  of the  
l i t e r a t u r e  are described i n  the  fo l l ow ing  paragraphs. More 
spec i f i c  informat ion can be found i n  Appendices A and P. 
Appendix A contains a cross-sections' reference sheet f o r  each of 
the  f i r s t  two areas of  the  l i t e r a t u r e  review. These sheets 
c 
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r e f l e c t  w i t h  respect t o  area subtopics the  type of  in format ion 
found and the type of source which provided thfa 1 bj. -:,idtion. 
Appendix B i s  a l i s t  o f  annotations of  sources w h i t . ,  were 
determined noteworthy. T h i s  appendix i s  broken down i n t o  three 
p a r t s  corresponding t o  the  three areas of  i n te res t .  Appendix D 
contain; the  references reviewed. This i s  a complete reference 
l i s t i n g ,  meaning t h a t  the  l i s t  ,cites a l l  sources reviewed. N c t  
a l l  of the sources reviewed contained usefu l  information. Those 
sources uhich contained the  most usefu l  in format ion are 
speci f i c a l l  y discussed i n  Appendi 5: E. 
The r e s u l t s  o f  the  review i n  the  area of human e r ro r  
analys is  were t h a t  i n  general there were predominantly on ly  
cont r ibu t ions  made by theor is ts .  There were very few repor t s  
made by emp i r i c i s t s  and there were v i r t u a l l y  no repo r t s  made by 
p r a c t i t i o n e r s  i n  human e r ro r  ana:.ysis. I n  fac t ,  t he  paucl ty  of 
p r a c t i t i o n e r  provided repo r t s  i s  evidence t o  the  conclusion t h a t  
human e r ro r  analys is  i s  not an area of  p r a r t i c e  a t  a l l .  I n  
addi t ion,  i t  appears t h a t  although ther-. may be i n t e r e s t  i n  HEF 
i n  the  f i e l d  no one i s  repo r t i ng  on any d i r e c t  app l i ca t i on  
attempts t o  do anything about it. 
There were only  a handful o f  repo r t s  made by emp i r i c i s t s  i n  
the  area o f  human e r ro r  analys is  and a l l  o f  these were laboratory  
s tud ies which addressed the  cha rac te r i s t i cs  of  d i f f e r e n t  types of 
human e r r o r  (e .g. ,  muscular coordination, mental computation, 
etc.),  and consequently were not app l i ca t ions  studies. For 
ed i f i ca t i on ,  a::;.dlications s tud ies are i nves t i ga t i ons  which deal 
w i th  a s p e c i f i c  a c t i v i t y  (or task)  i n  i t s  e n t i r e t y .  Such may be 
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done i n  the laboratory  o r  t h e  f i e l a .  The r e s u l t s  of 6uch s tud ies 
are tang ib le  dnd in te rp re tab le  f o r  app l i ca t ions  t o  other s i m i l a r  
a c t i v i t i e s .  On the other hand, foundation l e v e l  s tud ies are 
i n v a r i a b l y  performed i n  the  laboratory.  These s tud ies endeavor 
t o  es tab l i sh  a general data base i n  an area of  human a c t i v i t y .  
The end r e s u l t  ( a f t e r  many s tud ies)  is a compendium of data which 
would provide general design gu ide l ine  in format ion f o r  a ser ies  
o f  r e l a t e d  tasks. Therefore the  r e s u l t s  o f  i nd i v idua l  s tud ies of 
t h i s  type are not  usable f o r  appl icat ions,  although such s tud ies 
are h i g h l y  mer i tor ious due t o  t h e i r  con t r i bu t i ons  made t o  the  
co l  1 ect  i ve goal . 
A s  yet these foundation s tud ies have not been performed w i th  
enough breadth and depth f o r  there  t o  be any usefu l  compendium of 
design gu ide l ine  in format ion i n  the  area of HEP. 
The reason why there  are a low number of  instances of 
reported empir ica l  and p r a c t i t i o n e r  s tud ies i s  most l i k e l y  due t o  
the  f a c t  t h a t  those i n d i v i d u a l s  in te res ted  i n  human e r ro r  
analys is  can not i d e n t i f y  worthy methods or  approaches because 
the  la rge  number of  t h e o r i s t s  i n  t h i s  area are a t  odds w i t h  each 
other. CI thorough reading of t h e  published mater ia l  from the  
t h e o r i s t s  engenders a l a rge  tendency towards confusion. There 
appears t o  be no commonality o f  purpose and no commonality of 
approach. One grocp avers t h a t  HEP i s  pervasive arid 
uncont ro l l  ab1 e. There have been successf ut techni  ques developed 
t o  p r e d i c t  the  e r ro r  r a t e s  o f  humans, however. The most wel l  
known technique i s  The Technique f o r  Human Er ro r  Rate Pred ic t ion  
- THERP (Swain, 1973). 
I n  reviewing the  sources located i n  t h i s  area a conclusion 
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or  genera l izat ion i n  s p i t e  of  the  tendency towards confusion does 
surf ace. T h i s  qenera l izat ion i s  t h a t  human performance 
a c t i v i t i e s  are not independent. Heme they do not lend 
themselves t o  t r a d i t i o n a l  methods of analys is  such as s t a t i s t i c s  
: the techniques of :h ich general ly c a l l  f o r  i t 5  events t o  be 
independent). I n  addi t ion,  i t  appears t h a t  most t h e o r i s t s  agree 
t h a t  human a c t i v i t i e s  are cor re la ted  t o  both the  cha rac te r i x t i cs  
of the  environment and the  i nd i v idua l  personal i ty .  I n  other 
wordsr i t  i s  thought t h a t  people do not e r r  p red ic tab ly  i n  
s i m i l a r  s i tua t ions ,  nor do e r r o r s  occur p red ic tab ly  person t o  
person i n  the  same s i tua t i on .  
Having ventlared these general izat ions,  i t  should be 
recognized t h a t  unfor tunate ly  inso far  as t h e  immediate ob jec t i ve  
prev ious ly  posed i n  the  premise i s  concerned, there i s  no l o g i c a l  
next ster.!. These general izat ions,  although perhaps i n t e r e s t i n g  
and worthy o f  discussion do not lend themselves t o  the 
formulat ion or development of  a so lu t i on  t o  the  s tated problem. 
I n  fac t ,  these genera l izat ions are not s u f f i c i e n t  guidance t o  
design and conduct an intermediate study the  r e s u l t s  o f  which 
would be intended t o  address the stated problem. Er ror  r a t e  
p red ic t i on  techniques as mentioned prev ious ly  could be u t i l i z e d  
as evaluators, but  shor t  term success can only  be expected f o r  
reasonably simple (non-complex) and/or unsophist icated systems. 
The r e s u l t s  of t he  review of  the  l i t e r a t u r e  i n  the  areas of 
s t ress  and job  performance and accident and sa fe ty  analys is  are 
b a s i c a l l y  s i m i l a r  to t h a t  o f  t he  f i r s t  area of  i n te res t .  I n  
these areas there  has been more agreement among the  theo r i s t s .  
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But even though this fact would enable there t o  be a more uniform 
thrust b y  empiricists and practitioners such activity has not 
been reported. The bulk of what was reported has been done by 
theurists. Generally, the theorists agree that job performance 
can detrimentally be affected by either an overstress condition 
or an understress condition. In other words, people do their 
best work in job situations whick are neither an overload (too 
many tasks, and/or too little time) nor an underload (not enough 
tasks, and/or too much time). This observation in itself may 
seem profound enough t o  lend itself t o  an application. This 
however is unfortunately not the case. The problem is that there 
is no concensus from the theorists (and there have been no 
reports of empirically b a s e d  results) whiclr quantitatively 
delineates how many tasks are too many or too few or how much 
time is too much or too little. Without this type of 
quaqtitative information job design (or redesign; is not a 
feasible approach to addressing HEF'. 
The general conclusion, then, based on the thorough review 
of the literature which has been conducted is that there have not 
been any techniques or approaches developed to address HEP or to 
conduct a human error analysis. Furthermore, since the sources 
reviewed were predominantly theoretical discourses, there are not 
enough tangitle data to use to build 3' design a set of 
techniques or approaches to deal with HEP or t o  conduct human 
error analyses. 
It would appear then that the objective of this study as has 
been stated previously in the premise cannot be supported by the 
results of the literature review. This is not the case. The 
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f a c t  t ha t  nothing has been done before i n  t h e  empir ical  or 
p rac t i t i one r  communities (and reported i n  the  l i t e r a t u r e )  i s  not 
a preventat ive from doing anything o r ig ina l .  The on ly  
reservat ion might be tha t  an o r i g i n a l  approach has a c e r t a i n  
degree of  r isk:  associated w i t h  i t  i n  t h a t  wi thout documented 
support there i s  no assurance of success. 
There are two general approaches which can be addressed a t  
t h i s  juncture on an o r i g i n a l  approach. The f i r s t  i s  t o  design a 
means of analyzing and quant i f y ing  (or p red ic t ing)  HEP i n  some 
manner which w i l l  have u s a b i l i t y  w i th  and app l ica t ion  t o  t y p i c a l  
ground (or space) operations tasks. This wauld be a foundation 
l eve l  type study. The second approach i s  t o  postpone any formal 
deal ings w i t h  HEP and endeavor t o  reduce HEP i n  an informal or 
i n d i r e c t  manner. I n  other words. ra ther  than confront HEF i n  
ground operat ions tasks as a r e a l i t y  and t r y  out h e u r i s t i c  
innovations t o  deal w i th  it, i t  might be more e f f e c t i v e  to 
i n i t i a l l y  t r y  t o  deal w i t h  the  major reasor: why HEP e x i s t s  i n  the 
f i r s t  place, namely the  human being. I f  i t  were poss ib le  t o  
reduce the  number of  human beings involved i n  a ground (or space) 
operations task, i t  i s  l o g i c a l  t h a t  the  HEP associated w i t h  t h a t  
task would go down. Recognize t h a t  i t  i s  not  known how much the 
HEP would 50 down because i t  i s  not yet  known how t o  r e l i a b l y  
quant i fy  HEP. But i f  th is  hypothesis t h a t  HEF' i s  d i r e c t l y  (or 
p o s i t i v e l y )  cor re la ted  t o  the  number of people (or more apt ly.  
the degree of labor intensiveness) on a given task, i o  deemed 
va l id ,  then i t  i s  recommended t o  adopt the  second approach as the 
means of i n i t i a l l y  deal ing w i t h  HEP a t  Kennedy Space Center. 
Thus it is recommended that this project involve the 
development and validation of two Human Factors Models: The Task 
Review Model (TRM) and the Human Role Evaluation Model (HREPl). 
The TRM is a means of analyzing a ground (or space) operations 
task. It will isolate the task's key objectives and functions 
and will perform a functional allocation process for each task in 
the interest of reducing the degree of labor intensiveness of the 
task. After space operations tasks have been reduced in labor 
intensiveness using the T M ,  the M E M  will be applied to those 
tasks identified through the use of the TRM as still labor 
intensive. The HREM will consist of two techniques, the Role 
Criticality Criterion (RCC) and the Personnel Management 
Criterion (PMC). The RCC will be a means of evaluating human 
roles to ascertain the severity of the possible consequences due 
to human errors. The RCC will assign a numerical quantity to the 
analyzed tasks and will be designed to be parallel to the 
criticality numerical quantity factors assigned in the standard 
NASA system hardware failure analysis schemes. after the RCC has 
been applied to tasks to determine their criticality, the PMC can 
then be applied to those tasks having an undesirable RCC. The 
F'NC will be a specification of the skill level and experience 
required of humans to accomplish the specific task being analyzed 
and will delineate minimum/maximum (as appropriate) work period, 
break period, and rest period durations. The TRM will be 
developed and validated in Phase I 1  and is described in detail as 
follows. Once a Qround or space operations system has been 
reviewed by the TRM and HREM the next logical steps ere one, to 
utilize an error rate prediction technique (e.~., THERP, referred 
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to previously) to identify specific human actions which warrant 
further scrutiny, and two to delve into the psychophysical 
aspects of these identified actions. 
12 
Task Review Model 
The purpose of the Task Review Model (TRM) is to objectively 
minimize the degree of labor intensiveness in a ground or space 
opera t i on s task . 44 minimization in the degree of labor 
intensiveness is interpreted to include either a reduction in the 
number of humans involved in the task, a reduction in the 
instances of manual operations in tne task, or both of these 
reductions on an optimization basis within the limitations of 
current automation technology. 
The TRM will be designed to be applied to any type of task 
in a manner which is independent of how the task is currently 
being conducted. This is anticipated to be accomplished by 
compiling information from such individuals as the task designer 
and the task supervisor rather than observing the actual 
execution of the task. 
The anticipated results of a task reviewed by the TRM will 
be two-fold. First, the TRM will provide an objective 
description of what activities must be accomplished in order for 
the reviewed task to be accomplished. The result will be a 
description in the form of a tree diagram or an organizational 
chart. This task description will be streamlined and as 
parsimonious in the number of activities ab possible. Hence such 
a description would form an ideal foundation for a contract bid 
proposal solicitation. Secondly, there will be an assignment 
made for each listed activity. Tho assignment will either be 
‘human’ or ‘non-human. ’ The human aosiqned activities are those 
which w i l l  be reviewed by the  Human Role Evaluat ion Model (HREM, 
t o  be developed i n  Phases I11 and I V  of  th is  pro ject .  S i m i l a r l y  
t h i o  a c t i v i t y  assienment facet  o f  t he  TRM r e s u l t s  w i l l  provide 
q u a l i f i e d  guidance t o  prospect ive contractors  i n  how t o  prepare 
t h e i r  bids. T h i s  requirement s h a l l  be rea l i zed  as a bene f i t  due 
t o  the  f a c t  t h a t  each prospect ive vendor w i l l  b i d  on the  same 
conception of t h e  task -- not  on each ind i v idua l  i n te rp re ta t i on  
of  how the task can be executed. 
Generally. t he  TRM i s  an ana lys is  approach which endeavors 
t o  inc lude only those a c t i v i t i e s  which are necessary t o  s a t i s f y  
the  s tated Qoal. Let  th is  s tated goal be ca l l ed  the  Object ive of 
t he  task. The d e f i n i t i o n  which the  Object ive s a t i s f i e s  is: What 
i s  the  task supposed t o  do? or Why i s  the  task necessary? 
Therefore the f i r s t  step of the  TRM i s  t o  determine the  Object ive 
of  the  task. There m u s t  be a s ing le  simply s ta ted  Object ive f o r  
each task. I f  a selected task cannot be described by a s ing le  
Object ive then i t  w i l l  be deemed a higher-order task and, a5 
such- warrant a number of separate app l ' ca t ions  of  the  TRM. 
Therefore an add i t iona l  bene f i t  of  t he  TRM technique i s  to 
i d e n t i f y  a l l  t h e  basic (zero-order) tasks which comprise a 
s ing le  ground (or space) operat ions system (where *system- i s  
used t o  be synonymous w i t h  a higher-order task).  
For q u a l i f i e d  basic tasks, t he  next step i n  the  TRM i s  t o  
i den t i f y ,  and labe l  a l l  those a c t i v i t i e s  which are necessary t o  
achieve the  s tated Objective. CIllow f o r  these a c t i v i t i e s  now t o  
be ca l l ed  Functions. The determination of those Functions which 
s a t i s f y  the  s tated Object ive i s  the  most invo lved po r t i on  of  the 
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TRY. Not c n l y  m u s t  th is  p o r t i o n  ensure t h a t  there are enough 
Functions speci f ied t o  f u l l y  support t he  s tated Objective, but 
t he  descr ip t ions of t he  Functions m u s t  be e x p l i c i t  enough f o r  t he  
TRM t o  make the  human and non-human assignments t o  the  Function 
i n  the  next step. 
The next step i n  the  TRM determines whether a human can or 
can not accomplish each l i s t e d  Function of t he  task. Ord inar i ly .  
t he  Functional A l l oca t i on  step makes t h i s  determination on the  
bas is  of how the  human resources can best be u t i l i z e d .  I n  the  
design of  the  TRM f o r  t h i s  appl icat ion,  t he  Functional A l loca t ion  
determination w i l l  be made on the  bas is  of how ava i lab le  non- 
human resources and technology can best be u t i l i z e d ,  because. a5 
s tated previously,  the  primary purpose of th is  TRM i s  t o  
minimize the  degree of labor intensiveness i n  ground (or space) 
operations tasks. A n  i l l u s t r a t e d  example i s  provided i n  Appendix 
C. 
Because the  primary product of t h i s  p ro jec t  i s  a reduct ion 
i n  the  po ten t i a l  f o r  human e r r o r  i n  ground (or space) operations 
tasks, the  Functional A l l oca t i on  step of the  TRM w i l l  not  provide 
s p e c i f i c  descr ip t ions of  t he  character of  t he  non-human 
a l locat ions.  Lat  i t  remain f o r  subsequent p r o j e c t s  t o  address 
t h i s  issue. A s  a departure p o i n t  f o r  prospect ive p ro jec ts  i n  t h i s  
vein, the  f i n a l  de l i verab le  o f  t he  TRM i n  Phase I V  w i l l  inc lude a 
de ta i l ed  descr ip t ion  of the  l o g i c  appl ied i n  t h e  Functional 
A l l oca t i on  step which accomplishes the  determination o f  whether 
the  a l l o c a t i o n  i s  t o  be human or non-human. 
It i s  noteworthy a t  t h i s  juncture t o  i d e n t i f y  t h a t  the  
Functional A l l oca t i on  step w i l l  be desiqned t o  make a human 
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allocation primarily by default. That ir, a human allocation will 
be made only if a non-human allocation cannot be supported by the 
Functional Allocation logic. This is because the primary purpose 
of the TRM is t o  minimize the degree of labor intensiveness in 
the targeted tasks. 
The e>.act manner in which the TRM will be applied is as yet 
t o  be determined, but will most likely be of a computer software 
type. It is planned for the TRM to be fully interactive and for 
it to consolidate data gleaned from more than one rourco. 
Further, it is considered highly desirable for the final TRM 
deliverable to operate in real-time and be as easy to operate and 
apply as possible. The attainment of these characteristics will 
be given the highest of priorities in the design. prototype, and 
validation phases of the TRM development. 
16 
APPENDIX A 
CROSS-SECTIONAL REFERENCE SHEETS 
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Included i n  t h i s  appendix are three cross-sectional reference 
sheets one each for  the l i t e r a t u r e  review areas of human error  
analysis, stress and job performance, and accidents and safety. 
These sheets r e f l e c t  the general' types of a c t i v i t y  considered by 
the references (SUBJECTS) and the general type of source of the 
references (SOURCES). 
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f3NNOTATED REFERENCES 
The annotations a r e  by alphabetical order according to 
author f o r  easy reference and each paragraph gives information 
provided by one author. 
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PART I t  Human Error  Analysis 
Adams (1982) 
Feels thaL e r ro r  i s  p r o b a b i l i s t i c  and could be simulated using 
Monte Carlo techniques. Human e r ro r  should be included w i t h  
equipment analysis i n  determining the r e l i a b i l i t y  o f  systems. 
Feels, however, th is  would be impossible. Feels t h a t  t o  be able 
t o  analyze er ro r  fundamental units of behavior whose success or  
f a i l u r e  would be used i n  the ca lcu la t ions  m u s t  be established. 
These would be i r r e d u c i b l e  stimulus-response catagories. States 
tha t  humans are a closed loop system. They can detect  and cor rec t  
t h e i r  own errors.  Expresses a common b e l i e f  t h a t  e r ro r  i s  
mu1 t i d i  mensi onal . tA response can be omitted, performed out of 
sequence, t ransferred from another sequence, wrongly timed, or  
appl ied wi th  inappropr iate force. Has a current  b e l i e f  t h a t  
human sequences of ac t ion  are not  independent therefore car, not  
be calculated l i k e  machines. Bases a l o t  of h i s  w o r k  on Swain. 
Aitken (1982) 
Feels tha t  if f a u l t s  are slow i n  developing, t he  system can a l e r t  
humans t o  take co r rec t i ve  action, otherwise automatic con t ro l s  
are necessary. Factors which a f f e c t  human response to an e r r o r  
condi t ions are: 1. the  process which i s  being contro l led.  2. 
knowledge of  t he  s ta tus  of the  system, 3. p r i o r  knowledge of the  
e f f e c t s  of the  cont ro l  act ion, 4. human fac to rs  s p e c i f i c a l l y  
.. 
r e l a t i n g  t o  the  operator end 5. t ra in ing .  
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Altman (1964, 1967) 
Tries t o  find a similarity ammq errors so one can 1. search for 
oiqnificant error 2. identify alternative ways t o  reduce error 
or its consequences. end 3. evaluate alternative solutions t o  
error problems. Feels error classification schemes fall into 
three categories: 1. performance orientation (what a person is, 
or is supposed t o  be doing when en error occurs), 2. situational 
orientation, and 3. individual orientation (characteristics of 
the person). Associates psychological behavior levels and 
learning categories te.g. , sensing, tracking. and problem 
solving) with error behaviors. attempts t o  link the basic 
research of psychology with error. Approaches the area of errors 
at a higher level -- managerial or technical. Feels errors 
should be indexed to the kinds and conditions of input and output 
devices or classified by skill and knowledge content. Goes along 
with situational causation of error. Constructs a block that 
relates consequences, revocabi l i  ty, and detectabi 1 i ty t o  measure 
error tendency. Feels that in some cases the individual 
characteristics of the worker may be used to classify errors. In 
qeneral each error possible situation has a best way of 
classification: performance, situational, or individual. 
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Askren and Regulineki (1969, 1971) 
Feel that repetitive tasks can be modeled. State that hutnab error 
research has fallen into the following categories: oeueloping 
human error classification schemes, determining the siynijicance 
of errors to system operations, establishing human error data 
banks, and devising models and methods for describirg and 
including human error data in system reliability analyses. 
Define the following equation to describe reliability: 
where e(t) = error rate 
This equation is supported with a very simplistic derivatim and 
the knowledge that error distributions generally fit well w i t h  
Weibull, gamma and log-normal distributions. Feel that this 
applies to continuous operation tasks such as vigilance. 
monitoring, and tracking. 
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Beek, Haynam and Markisohn (1967) 
The authors were tasked by the Navy t o  research tile Navy’s human 
reliability statistics and sugqert improvements. Thus, this 
study is specific to the Navy in operation and ma-n-enance 
procedures. The procedure that will be describe+ here was 
reviewed by Meister. The systems of error reporting used by the 
Navy were reviewed and critiqued. The authors describe in 
detail the intricacies of the two models mentioned below. This 
study did a small literature search. Most previous studies have 
substantiated the fact that a significant percentage of system 
unreliability is caused by human error. Feel it is impossible to 
get reliable data and it is virtually impossible to test people 
in a laboratory and use the result5 Jar predicting human 
performance under actual conditions. Even if this were possible 
the results would not apply to another person. CIgree with 
setting up a data base a5 the forefront of the research effort on 
human error. Feel the need to be able to predict human error 
without depending on h u m m  performance data since it is 
unreliable. Human error predictions should be inferred from 
existing equipment performance data. Define human error as any 
action of the human element of a system that is inconsistent with 
a predetermined behavioral pattern established in the system 
specifications and in the resulting system design. System 
failure is subgrouped a= total system failure and system 
degradation failure. Two approaches to quantative techniques 
were developed: 1. Elementary Reliability Unit Parameter 
Techni que (ERUPT). This technique groups components of the 
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system i n t o  elementary r e l i a b i l i t y  u n i t s  (ERUs), the lowest 
l e v e l s  a t  which maintenance is performed. T h i s  uses e x i s t i n g  
CI equipment r e l i a b i l i t y  data t o  p red ic t  human r e l i a b i l i t y .  i. 
Mul t i va r ia te  co r re la t i on  techniques. These are used t o  r e l a t e  
personnel cha rac te r i s t i cs  t o  f a i l u r e s .  The problem w i t h  e r ro r  
repor ts  i s  t h a t  people are re luc tan t  t o  f i l e  them e i t h e r  becauss 
of the r i s k  o f  se l f - inc r im ina t ion  or co-worker inc r im ina t ion  
s ince many repor ts  are used f o r  d i s c i p l i n a r y  or promotion review 
purposes. Also, some systems g ive  categor ies t o  choose from i n  
f i l l i n g  out the report .  I f  too  many categor ies are given only a 
few ac tua l l y  get used. Refer t o  Shapero (1960) who sa id  20 t o  
54% of a l l  system malfunctions i n  n ine  m i s s i l e  systems studied 
were caused by human error .  People a r b i t r a r i l y  blame most 
problems on lack.: of t r a i n i n g  or f a i l u r e  of  personnel t o  fo l l ow  
procedures. Feel a taxonomy i s  needed before anything e l se  i n  
human r e l i a b i l i t y  research,. Feel t h a t  human r e l i a b i l i t y  lacks 
common de f in i t i ons .  Feel t h a t  the  only  e r r o r s  t o  be included i n  
r e l i a b i l i t y  analys is  are those t h a t  a f f e c t  system performance. 
Examples of c lass i f i ca t i ons :  terminal  er ror ,  design er ro r ,  
operating error ,  maintenance error ,  con t r ibu tory  e r ro r ,  
performance of a requi red ac t ion  incor rec t ly ,  f a i l u r e  t o  perform 
the  required action, performance of  a requi red ac t i on  out of 
sequence, performance of  a non-required action, e r r o r s  of 
omission (1. e r r o r s  of memory and 2. e r r o r s  of a t ten t i on ) ,  and 
e r r o r s  of  commission (1. e r r o r s  of i d e n t i f i c a t i o n ,  2. e r r o r s  ot 
i n te rpre ta t ion ,  and 3. e r r o r s  of  operation) . T h i s  repo r t  d iv ides  
e r ro r  i n t o  two categories: 1. Predic tab le - establ ished between 
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the  inconsis tent  behavior and some external  influence. T h i s  type 
of terror can be reduced by human f a c t o r s  design. 2. Rmdom 
errors -- usua l ly  when th is  i s  i d e n t i f i e d  as the  cause there  i s  
no fu r the r  invest igat ion.  "A11 system f a i l u r e s  and malfunctions 
(except c e r t a i n  laboratory  tes ts )  can eventual ly  be traced back 
t o  some form of human error ,  whether i t  occurred on the  drawing 
board, i n  fabr ica t ion ,  i n  test ing,  i n  operation. o r  i n  
maintenance. " To improve e r r o r  repo r t i ng  an impar t i a l  pa r t y  
should be used to evaluate the  f a i l u r e .  The second method of  
m u l t i v a r i a t e  c o r r e l a t i o n  mentioned e a r l i e r  cor re la tes  average pay 
grade, average t ime since educational t ra in ing ,  average t ime t o  
evaluation, and average formal education t o  human er ro r .  
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Carnino and Griffon (1982) 
Give the following catagories of human error 1. operating errors. 
2. maintenance errors, 3. testing errors, and, 4. design 
errors. Support the situational cause of human error theory. 
Characteristics of the work station which have caused human error 
may be grouped into eight classes: 1. work organization, 2. 
design of the work station, 3. time and duration of work. 4. 
personnel education and training, 5. physical environment. 6. 
social environment, 7. history of the plant, and 8. individual 
performances. Give listings of these classifications in detail 
-- same idea as Ferformance Shaping Factors (PSF). [See Embrey 
and Swain3 Most frequent causes of human failures are procedures. 
work orqanization. and lack of efficient controls. The role of 
procedures is expanded on since procedures are the interface 
between man and machine. 
Childs (1980) 
Discusses parametric tests of significance (on normally 
distributed scores 1 especially relative t o  error-time 
experiments. States Bradley’s optimal-pessimal paradox and then 
refutes it. This work preceeds Askren (1982) and contradicts it. 
Bradley’s optimal-pessimal paradox is stated as follows: If 
performance conditions are optimal, then parametric statistical 
tests tend to be pessimal and vice versa. These are the 
assumptions: 1 . error probabi 1 i ties are equal across a1 1 task 
segments and fit a Poisson distribution, 2. error commissions 
uniformly increase task execution times, 3. component error 
times are orthogonal. 4. robustness of parametric tests is 
greatly reduced by skewness, and 5. if errors are present there 
is greater variability in score distributions and hence tend to 
normalize the distribution. Refutes these assumptions because 1. 
people simply do not work this way, 2. errors depend on the 
response stimulus required, and 3. skewness does not matter as 
long as the distribution i5 homogeneous in form and variance for 
var i ous treatments. 
Cross (1982) 
Looks at the quantitative evaluation area. Uses fr-equance- 
consequence diagrams to demonstrate total r isk .  Event trees show 
a cause-and-then-effect relationship where fault trees show a 
effect-and-then-cause relationship. Suggests constructing both 
to analyze a situation. The event tree can be time oriented and 
a1 1 OWL for dependencies between systems. The fault tree analyzes 
the failure of each system independently. These techniques are 
mainly used t o  gain a greater understanding of the system under 
consi derat i on. 
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Embrey (1976, 1981, 1984) 
Looks a t  Performance Shaping Factors (PSF) and expert judgement 
t o  analyze systems and evaluate the p r o b a b i l i t y  o f  f a i l u r e .  Uses 
the  computerized Success L i k l i hood  Index Method (SLIM) i n  
conjunction w i t h  a Mu l t i -A t t r i bu te  U t i l i t y  Decomposition (MAUD) 
rou t i ne  t o  help reduce bias. I n  "Appl icat ion of Human 
R e l i a b i l i t y  Assessment (HRA) Techniques t o  Nuclear Energy Process 
P1 ant Design" approaches HRA from a cost e f f e c t  i veness 
standpoint. Analyzes e f f e c t  o f  design chanlges on human er ro r .  
Says t h a t  the  growing app l ica t ion  of computers f o r  r o u t i n e  
cont ro l  funct ions pushes people t o  higher cont ro l  l e v e l s  which 
requ i re  decis ion making, diagnosis, t roub le  shooting, and 
planr,ing. D i f f e ren t  anal y t  i cal  techni qL;es are needed fo r  
proceduralized act ions and s i t u a t i o n s  where decis ion making 
funct ions predominate. Possible anal y s i  s of Pr_gsgd_gyal iney! 
si&uation_s A. task analys is  approach which includes 1. task 
step 2. inputs, 3. outputs, 4. feedback, 5. e r ro r  po ten t i a l .  
6. system impl icat ions,  7 .  er ro r  recovery, and 8. design 
impl icat ions;  b. event t rees  approach i s  warranted i f  task 
elements are d i sc re te  and form an ordered sequential sequence 
t h a t  moves forward i n  time. Possible analys is  o f  Complgy 
SLtuatiens (where th ink ing  i s  requi red)  4. operator ac t ion  
event t r e e  (OAET) model which de f ine  operator act ions associated 
w i t h  c r i t i c a l  s ta tes  of a sequence. B. c r i t i c a l  decioion/act ion 
(CDA) operator centered model -- defined i n  terms of  consequences 
of the decis ion/act ion.  I f  a CDA f a i l s  i t  w i l l  have a 
s ign i , f i can t  e f f e c t  on safety,  and/or production. The CDA model 
invo lves l ess  r o u t i n e  decis ions than those analyzed by the  OAET 
model. Has developed a system f o r  analyzing a s i t u a t i o n  w i t h  the  
CDAs. I t  i s  necessary t o  i d e n t i f y  each CDA associated w i th  
changes of state.  This i s  based on Rasmussen’s model of the  
i n t e r a c t i o n  of  sk i l l - ,  r u l e -  and knowledge-based behavior. From 
analys is  of e r ro r  repo r t s  cha rac te r i s t i c  types of e r r o r  can be 
associated w i t h  each CDA. For each CDA a diagram can be drawn 
f o r  add i t iona l  information. Discusses l i m i t a t i a n s  of  Technique 
f o r  Human Er ror  Pred ic t ion  (THERP) - no s e n s i t i v i t y  analvs is  
ava i lab le  and appl ies on ly  t o  procedural ized tasks. Has 
developed a technique t o  overcome t h i s .  C. SLIM - task i s  
evaluated as a whole. I+ i s  quant i f ied  v i a  the  s t ructured 
app l ica t ion  of e x p l i c i t  numerical judgements 9rom groups of 
ex p e r t  s . (Success Like l ihood Inde:: Methodology). This i s  
appl ied by computers using MAUD. Discusses a lgor i thm using PSFs 
and expert judgements and SLIs. Since weights are used f o r  each 
PSF a designer can see where improvements might have the  most 
benef i t ,  thsrefore the  cost e f fect iveness c r i t e r i a  i s  sa t i s f i ed .  
D. In f luence diagram i s  discussed. 
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Feggetter (1982) 
Usee a check l i s t  based on a syst -  -.s ap[,roach f o r  urrderstandinq 
human e r ro r  and includes such headings as stress, fa t igue.  
arousal, and personal i ty .  Feels we usua l ly  f i n d  the  source of an 
e r ro r  but don't  r e a l l y  know why i t  occurred. Feels t h a t  i t  i s  
not  poss ib le  t o  categor ize e r r o r s  i n t o  unique classes and says 
t h a t  there seldom seems to be a s i n g l e  cause f o r  e r ro r .  Says 
there i s  a combination o f  cogni t ive,  soc ia l ,  and s i t u a t i o n a l  
+actors  which g i ve  r i s e  to erroneous actions. These are 
elaborated on as f 0 1 1 0 W S .  Coqni t i vg Sygt_pm: acqui s i t  i on , 
manipulation, use of  informat ion,  a l l o c a t i o n  of  a t ten t i ona l  
resources (overload), emotions, thought processes, past h i s to ry ,  
and experience. sgcial :  r o l e  percept ion and pressures from other 
people. SituatiphE: physical  environment and stress. Thin l : .~  
research should be s h i f t e d  away from memory s t ruc tu res  and over 
t o  memory processes. Produces a check l i s t  based upon currant  
knowledge of human behavior and the  mechanisms and system 
charac te r i s t i cs  which predispose the  human operator t o  e- ro r .  
Hunns (1982) 
Feels t h a t  t o  a n a l y t i c a l l y  p red ic t  the f u l l  se t  o f  s i g n i t i c a n t  
event chains associated w i th  a given human/hardware system i s  not 
yet  w i t h i n  our capab i l i t i es .  Human e r r o r  (or f a i l u r e )  c a r r i e s  
connotations of  blame and personal def ic iency.  This i s  the reason 
given f o r  somc of the  inadequacy i n  e r r o r  repo r t s  procedures. 
Since people take blame, they tend t o  not repo r t  e r ro rs  as they 
should. The ma jo r i t y  of human e r r o r s  are corrected by the  person 
concerned and r.ever become ekident t o  a t h i r o  party.  This goes 
along w i th  the  feedback p r i n c i p l e  mentioned i n  other l i t e r a t u r e .  
Feels t u r r e n t  data approaches are ine f fec t ibe .  "So not on ly  i s  
the  human f a c t o r s  data c o l l e c t i o n  a c t i v i t y  f r u s t r a t e d  by t'le 
unyie ld ing naturs  of the  observa',ioIi environment, but  a t  an even 
e a r l i e r  stage the  process i s  cmfounded becadss no fundamental 
bas is  e x i s t s  to def ine the  type o f  in format ion kh ich is r e a l l y  
required." This supports those who be l ieve  t h a t  a taxonomv i s  
needed before hun.an er ro r  research can progreEs. Goes i n t o  an 
eiaborate discussion on how a data bdse sho*-lld be b u i l t  d i t h  
backing from c lass i ca l  p r o b a b i l i t y  theo;y. 
Lewis (1981) 
Attempts to g ive  a general purpose theory on error .  Recognizes 
t h a t  most theore t ica l  approaches are specia l ized and involve 
language. math, and the acqu is i t ion  of perceptus motor sk i l l s .  
Cln e r ro r  becomes an er ro r  by v i r t u e  of i t s  f a i l u r e  to conform 
wi th  some appropr iately chosen standard of correctness. "Under 
condi t ions of f e l t  urgency, we make mistakes. And, s ince e r ro r  
i s  inherent ly  pro l i ferous.  yet  more mistakes come p i l i n g  i n  on 
top." Says t h a t  e r ro rs  are s e l f - l i m i t i n g  and people n a t u r a l l y  
want t o  r i d  themselves of them. Desired goals cannot be at ta ined 
i f  e r ro r  gets i n  the  way. Management should not  have t o  convince 
people t o  recognize t h e i r  own erroneous thinking. Feels tha t  of 
the current l i t e r a t u r e  Swain and Guttman (1980) o f f e r  the  best 
c l a s s i f i c a t i o n  scheme: omission and commission w i th  the  
subcategories of  commission - extraneous acts, sequential errors.  
and time errors.  Gives d e f i n i t i o n s  of e r ro r  change according t o  
the s i t u a t i o n  and what i s  perceived t o  be a correct  act ion. 
Error  can occur because a s i t u a t i o n  was appraised incor rec t ly ,  or 
because inappropr iate ac t ion  was taken. Feels there are two 
types of er ror :  1. f a i l u r e  t o  make a d i s t i n c t i o n  tha t  needs t o  
be made and 2. making of a d i s t i n c t i o n  t h a t  does not need to be 
made (omission - commission dichotomy). Rewords these as 1. 
er ro rs  due t o  s i g n i f i c a n t  omissions and 2. e r r o r s  due t o  
misd i rect ive inclusions. T h i s  was because of t he  t roub le  caused 
by the word "need" above. Says tha t  human e r r o r  is compounding. 
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Meister (1964, 1964, 1971, 1973, 1982) 
Feels tha t  s imulat ion based methods are more powerful than non- 
s imulat ion methods and tha t  no general purpose methodology i s  yet 
avai lable.  Feels s t rong ly  there  i s  a great need t o  develop data 
banks. Feels t h a t  much work needs t o  be done t o  so lve the  
problem 09 task dependency re la t ionsh ips  ( th is  r e f e r s  t o  those 
who say tha t  c lass ica l  p r o b a b i l i t y  theory does not  apply t o  human 
e r ro r  s ince there  are dependent re la t i onsh ips  involved. 1 Feels 
tha t  most of the  quant i ta t i ve  methods ava i lab le  +Aday are specia l  
purpose or requ i re  a p a r t i c u l a r  form o f  input  and are s t i l l  i n  
the  developmental stages. Says tha t  the  frequency of Human 
I n i t i a t e d  Fa i lu res  (HIF), t ha t  i s  f a i l u r e s  t h a t  r e s u l t  i n  
degradation of performance of  t h e  system and reduce equipment, 
range from 20-80% of a l l  f a i l u r e s  reported. States tha t  the  
d i s t r i b u t i o n  of i nd i v idua l  operator e r r o r s  tends t o  approximate a 
Gaussian d i s t r i b u t i o n  w i th  the  mean a5 constant e r ro r  and the 
standard dev ia t ion  as var iab le  er ror .  Says t h a t  operator e r ro rs  
compound l i n e a r l y .  Gives tab les of e r ro r  rates.  Th inks  we should 
concentrate on work s i t u a t i o n  t o  reduce errors ,  and t h a t  most 
e r ro rs  are s i t u a t i o n  caused. Says a l o t  about what should be 
done and has a l o t  of c r i t i c i s m  t o  hand out.  Feels tha t  human 
e r ro r  includes causes of  e r ro r  b u i l t  i n t o  the  system, i.e. poor 
human fac to rs  design. C lass i f i es  e r ro r  as t o  cause, e f fec t ,  and 
stage of occurrence. Gives two categor ies of  operator er ror ,  
i d i  o iyncret  i c (apt i tude and mot i v a t i  on 1 and s i  t u a t i  onal 
(procedures and t ra in ing ) .  Types of  e r ro r  are system induced, 
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design induced, an3 operator induced. Feels that the casual 
classifications of error do not imply understanding the error 
source or the mechanism of the error process. Makes the 
statement that errors made with discrete tasks are more quickly 
corrected than those made with continuous tasks. Feels that 
automation significantly increases the requirements of functional 
allocation, maintenance, and logistics. Feels that the causes of 
production error are: lack of training, lack of motivation, 
inadequate work space, poor layout, poor environmental 
conditions, inadequate human factors design, inadequate methods 
of mat?rial handling, inadequate procedures, and poor 
supervision. Says error causation is usually due to multiple 
factors. Says that errors are caused by a mismatch between the 
capabilities of the operator (idiosyncratic factors) and the 
demands of the job (situational factors). There is an error 
potential in man which is not realized until a predisposing 
condition, creating a mismatch, permits the error to occur. The 
predisposing condition is a catalytic agent which translates a 
potential into an actual error. Feels that nothing is inevitable 
about error. Errors occur when demands and capabilities do not 
match. To reduce error mismatching must be reduced. This 
contradicts a prevailing theory that t o  err is human and hence 
errors cannot be avoided. Feels that human variability is not the 
main cause for  system degradation since errors do not build up. 
Humans are adaptable, and thus are desirable for many tasks. But 
this adaptability also makes humans one of the causes of error. 
Says in 1982 that random errors, i.e., those produced by the 
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inherent v a r i a b i l i t y  of people. can be reduced by t r a i n i n g  and 
proper se lec t ion  of personnel. C l a s s i f i e s  types of  e r r o r s  as 1. 
f a i l  t o  perform required action, 2. performance of  unnecessary 
action, 3. performance of requi red ac t i on  a t  an incor rec t  time, 
and 4. making a substandard response. Says 4 0 X  of equipment 
f a i l u r e s  are the  r e s u l t  of e r ro r ,  and as much as 82% of 
prodcction defects are caused by human error .  Def i nes 
id iosyncra t ic  f ac to rs  t o  inc lude personal re la t ionships,  
emotional con f l i c t s ,  and a t t i tudes .  Gives a l i s t  of PSFs t h a t  
predispose a human t o  er ror .  Feel., t o  evaluate a job a human 
fac to rs  expert should ask questions about each PSF along with: i s  
task w i t h i n  worker's capab i l i t y ,  does task cause fa t i gue  or 
discomfort, i s  feedback provided, i s  too  m u c h  p rec is ion  required 
or too many movements, and i s  the  phvsical  environment adequate. 
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Petersen (1980) 
Researches the  f i e l d s  o f  education, management, psychology and 
human f a c t o r s  engineering. Looks a t  basic research as wel l  as 
appl icat ions.  Intends f o r  work t o  be used as a t e s t  book. Says 
an o l d  view i s  t h a t  the  prime causat ive f a c t o r  i n  occupational 
i n j u r i e s  i s  human e r r o r  ra the r  than physical  condit ions. I n  1939 
Heinr ich gave four  basic motives f o r  unsafe acts: improper 
a t t i t ude ,  lack o f  knowledge or  s k i l l ,  physical  u n s u i t a b i l i t y ,  and 
improper environment. Says th i s  view is seen as overs impl i f ied,  
but  t h i s  i s  what most i n d u s t r i e s  use. Heinr ich sa id  managers 
con t ro l  accident prevention. Says t h e  behavior o f  people needs 
t o  be understood and con t ro l l ed  i n  order t o  prevent accidents. 
Supports t h e  m u l t i p l e  causation theory of human error. Discusses 
a p a r t i c u l a r  type of f a u l t  t r e e  which i s  management based. Human 
e r r o r  r e s u l t s  from one or more o f  th ree  th ings  1. overload 
(defined as a mismatch between a person's capaci ty and t h e  load 
placed on him i n  a s ta te ) ,  2. a decis ion t o  e r r ,  and 3. t raps  
t h a t  are l e f t  f o r  the  worker i n  t h e  workplace (i.e., poor human 
f a c t o r s  design). Under the f i r s t  category f a l l s  overload i n  the  
f o r m s  o f  physical ,  phys io log ica l ,  and psychological. Capacity i s  
due t o  a combination o f  physical ,  phys io log ica l  and psychological 
endowments, current  phys ica l  condi t ion,  current  s t a t e  o f  mind, 
current  level of knowledge, s k i l l ,  temporary reduced capaci ty due 
t o  drugs, alcohol, pressure, and/or fa t igue.  Load i s  due t o  a 
combination of the  quant i t y  of in format ion processing. 
environment, worry, stress, cur ren t  s t a t e  due t o  personal l i f e ,  
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and/or hazards faced continuously. State is due to the level of 
motivation, attitude, arousal, and/or biorythmic state. The 
second category deals with peer pressure, pressure for productlon 
quotas, accident proneness, and the instance of risk taking 
because it is inappropriately considered unlikely for a mishap to 
occur at the time of the taken risk. The third category deals 
with incompatability between the human and the workplace. Human 
factors applications are generally used to correct this. Quotes 
Chapanis that humans commit errors because it is logical that 
they do so in the situation they are in. Says human errors are 
caused; they do not just happen. Situations cause error and the 
greatest gain in controlling human error can be made by altering 
the situation. Says that improvements from redesign of equipment 
are greater than that from selection of or training of personnel. 
It is easier to change equipment than people. Design 
characteristics which increase the probability of error 
commission include violations of operator expectations, mismatch 
of abilities and demands. induced fatigue causing circumstances. 
inadequate facilities or information, and difficult, unpleasant. 
or dangerous tasks. Says risk taking occurs because judgement of 
risk is not directly related t o  the hazard as measured by the 
worker-s performance skills. Skilled workers take less risk than 
unskilled; younger persons take more risks of a more severe 
nature than older persons; females take less risks than males. A 
risk taker is a person with a high anxiety level, high 
sociability, and low emotional stability. No strong relation 
between vision acuity and accident repeaters was found. High or 
low arousal levels cause errors. Thinks an optimal arousal 
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state for peak ef-ficiency is needed. In discussing accident 
proneness, says that accident frequency is unrelated to 
intelligence when such is adequbte for the situation. 
Individua?s whore level of muscular reaction is above their 
levels of perception, are prone t o  more frequent and more severe 
accidents than those individuals whose level of muscular reaction 
is below their perceptual levels. Errors occur when man is used 
where a machine would be better. Poor adjustment causes 
accidents such as when a person starts a new job and ha5 a hard 
time adapting. When people are down, they cause more accidents. 
To stop people from causing accidents 1. direct confrontation by 
management, 2. training or coaching from management, and/or 3. 
behavior cadification techniques may be used. Group norms are 
perhaps the single most important determinant of worker behavior. 
To avoid the decision to err 1. positively reinforce safe 
behavior, 2. buiid strong work groups, 3. build attitudes 
conducive to safety, and 4. have management that is employee 
centered. Quotes Schulzinger (1956) that the tendency to have 
accidents is a phenomenon that passes with age. It decreases 
steadily after reaching a peak at age 21. Men are significantly 
more liable to accidents than women. Irresponsible and 
maladjusted individuals are significantly more liable to have 
accidents than normally adjusted individuals. Accident prone 
people make up a very small part of accident statistics, less 
than that attributable to chance as determined by a Poisson 
distribution. Goes into detail on how t o  specifically accomplish 
ways to avoid errors. Each topic is delved into in detail in 
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separate chapters of the  t e x t .  Most i s  involved with management 
theory. 
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Pick re l  and McDonald (1964) 
Feel t h a t  the  extent and cost e f f o r t s  t o  e l im ina te  sources of  
human e r r o r  should be commensurate with: 1. frequency w i t h  which 
the  e r ro r  i s  expected, 2. freouency w i t h  which a f a i l u r e  w i l l  
occur as a resul t  of  t he  error, and 3. probable consequence of  
the  f a i l u r e  condi t ion.  Task c r i t i c a l i t y  r a t i n g s  are determined 
from these points.  Give a p r o b a b i l i t y  worksheet and c r i t i c a l i t y  
analysis, and f e e l  t h a t  even though the  method has shortcomings 
i t  i s  b e t t e r  than nothin9. Feel t h a t  another method would be t o  
come up w i t h  e r r o r  p r o b a b i l i t i e s .  
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Rasmussen (1982); Rasmussen, Pederson, Mancini, Carnino, Gr i f fon,  
and Gagnolet (1981); and Rassmusren and Rouse (1981) 
Say i t  i s  not good enough t o  study the  e f f e c t s  of  er ror ,  i n t e r n a l  
causes need t o  be looked at. Feel systems should be designed t o  
t o l e r a t e  e r ro r  s ince human e r r o r  can not  be predic ted r e l i a b l y .  
T h i s  i s  consistent w i t h  Meister i n  the  c r i t i c a l i t y  o f  using 
quan t i t a t i ve  methods f o r  p r e d i c t i n g  error .  This a lso  impl ies 
the  b e l i e f  t h a t  t o  e r r  i s  inev i tab le ,  which i s  s tated l a t e r  as 
human e r r o r s  are the  i n e v i t a b l e  s ide  of human adaptab i l i t y .  Say 
t h a t  Cent ra l i za t ion  increases s i z e  and complexity o f  a system. 
Feel t h a t  recommendations f o r  bet>er t r a i n i n g  w i t h  s t r i c t e r  
admin is t ra t i ve  con t ro l s  is not the  answer, b e t t e r  design i s .  
T t > t s j  cor re la tes  t o  others t h a t  f e e l  t he  s i t u a t i o n  causes more 
e r ro rs  than the  human alone. Caused e r r o r s  are u n f u l f i l l e d  
purposes. People f i n d  the  easy way out. It i s  thought a 
so lu t i on  t o  the  cause f o r  e r r o r  has been found when something 
f a m i l i a r  is uncovered. Easy way t o  f i x  humans i s  t o  t e l l  them t o  
t r y  harder but  t h i s  i s  not  a s a t i s f a c t o r y  so lut ion.  People 
genera l ly  don't  commit e r r o r s  because they want to.  M o s t  e r ro r  
repo r t s  are no t  repo r t i ng  a l l  t he  e r r o r s  people commit. They 
i n c i c a t e  on ly  t h e  e r r o r s  which are not corrected because they 
have an e f f e c t  t h a t  i s  e i t h e r  i r r e v e r s i b l e  o r  no t  immediately 
apparent t o  the  person. Therefore, repo r t s  a re  biased by the  
p o t e n t i a l  f o r  feedback. Say t h a t  80-90X of the  cases of e r r o r s  
f a l l  i n t o  three catagories: ommission of steps, mistakes among 
a l te rna t i ves  (upldown, + I - ) ,  and operat ional  "improvement" 
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(people making up a "be t te r  way" a5 they go along). People 
t y p i c a l l y  know what t o  do and when, but  not always how. 
Omissions and inadequate considerat ion o f  l a t e n t  causes or 
inappropr iate s ide  e f f e c t s  i n  se lec t ing  procedural steps are the  
two main causes of  er ror .  Suggests feedback be used whenever 
poss ib le  s ince people cor rec t  t h e i r  act ions when i t  i s  provided. 
Suggest t h a t  con t ro l  panels cause e r r o r s  s ince people have t o  
r e l a t e  d i a l  readings t o  the  s t a t e  of the  system. Such c a l l s  f o r  
i n t e r p r e t a t i o n  and in tegra t ion .  A l o t  o f  t h i s  work centers around 
nuclear power plants.  Support t he  m u l t i p l e  causation theory. " I n  
a system of balanced design major accidents w i l l  depend on a 
complex chain of  events inc lud ing  equipment f a u l t s  and l a t e n t  
r isi : :y condit ions, together w i th  human mistakes and errors . "  
Gives a d e f i n i t i o n  of  accident as: "an unwanted t rans fe r  of 
energy because of lack of b a r r i e r s  and/or con t ro l s  producing 
i n j u r y  t o  persons, property, or  process. 'I Quote from Johnson: 
"Typ ica l l y  the e f f e c t  o f  exo t ic  and unprealctable human ac ts  i s  
masked by the  frequency of  t r i v i a l  equipment fau l t s . "  When 
humans are put  i n t o  a system the  r i s k  taken i s  not  t h a t  they w i l l  
cause accidents, but  ra ther  t h a t  they may not  succeed i n  
prevent ing them. The problem i n  the  present context i s  tha t  
people i n  the  system m u s t  be considered as system components and 
t h a t  human e r r o r  data are needed. Say t h a t  r i s k  analys is  (as 
compared w i t h  r e l i a b i l i t y  analys is)  invo lves t h e  est imat ion of 
the  p r o b a b i l i t y  o f  several categor ies o f  accidental  event 
sequences r e l a t e d  to t he  re levant  
damage t o  people and environment 
categor ies of r i s k  such as 
a5 wel l  as t o  l oss  of major 
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equipment. This means t h a t  t he  ove ra l l  p r o b a b i l i t y  re la ted  t o  a 
spec i f i c  =onsequence m u s t  be ca lcu lated by a p r o b a b i l i t y  model 
derived from t h e  fam i l y  o f  re levant  accidental event sequences 
tcgether w i t h  data on the  component f a i l u r e  modes involved. 
Co l lec t ing  data f o r  e r ro r  r a t e  in format ion on humans is d i f f i c u l t  
due t o  feedback. R e l i a b i l i t y  o f  human performance i n  response t o  
infrequen,L demands ranges from .2 t o  .6. Therefore er ro r  r a t e s  
from general e r ro r  repo r t s  w i l l  not  apply t o  t h i s  s i tua t ion .  An 
accident i s  t y p i c a l l y  causLd by a sneak path f o r  events, created 
by the  accidental  t im ing  o f  a considerable number of  normal and 
erroneous human ac ts  together w i t h  l a t e n t  r i s k y  condi t ions and 
equipment fa i l u res .  Define the  external  mode o f  malfunction as 
the  immediate and observable e f f e c t  o f  human malfunct ion upon 
task performance, as opposed t o  i n t e r n a l  mode of  malfunction 
which comes from w i t h i n  the  person. Expand on the  types of 
behavior -,id the  e r r o r s  c l a s s i f i e d  under each: Automated s k i l l -  
based behavior (types of  e r ro r :  task not performed, erroneous 
acts, and extraneous e f f e c t s  on other and nearby systems), Goal- 
or iented and rule-based behavior (types of  e r ro r :  de f i c ienc ies  
i n  coordinat ing segments of  sk i l l -based behavior, e r r o r s  i n  
r e c a l l  o f  reference data, and mistakes among a l te rna t i ves ) .  
Technique f o r  Human Er ror  Rate Pred ic t ion  (THERP) i s  used here. 
Knowledge based, goal con t ro l l ed  behavior ( l a t e n t  e f f e c t s  of  
decis ions come i n t o  p lay) .  T h i s  type of behavior can not be 
predicted. Regarding PSFs: "In general, i t  i s  advantageous to 
d is t i ngu ish  c l e a r l y  between causes, which are chanQes o r  events 
fo l lowed by a change of  events, and more general f a c t o r s  w h i c h  
in f luence the  f l o w  of events by modifying human behavior o r  
probabilities of response. ” 
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Sh,.ridan (1981) 
Gives a l i t t l e  be t te r  d e f i n i t i o n  of event t rees  and + a u l t  trees: 
event t rees  character ize w i t h  what p r o b a b i l i t i e s  d i f f e r e n t  major 
events f o l l o w  other everiLs. Fau l t  t rezs  character ize h r  w Boolean 
"and" and "or "  l o g i c  determines the var ious ways t h a t  major 
system f a i l u r e s  might occur, the  " top events" of  which &ra 
t ransferred t o  event trees. Says w e  can't  t r e a t  human e r ro r  l i k e  
.lachine e r ro r  because people r a i l  d i f f e r e n t l y  t t an  machines do 
and o b j e c t i v i t y  is more d i f f i c t t l t .  States theory t h a t  e r ro r  
occurs when a person's i n t e r n a l  model i s  out of c a l i b r a t i o n  w i t h  
the  r e a l  world or  when the  environment causes a pel-son to commit 
an error .  Feels i n  general the  world o f  human e r ro r  research i s  
i n  great d isar ray  -- no good d e f i n i t i o n  of e r ro r  (changes from 
place to place) no pinpointed CIUSQ ( d i f f e r e n t  theor ies) ,  
d i f f e r e n t  c l a s s i f i c a t i o n  schsmes, human e r r o r s  compound each 
other, people cor rec t  t h e i r  own er rc  6 (these l a s t  two a f f e c t  
g r o b a b i l i t y  ca lcu la t ions) ,  e r r o r s  i n  one stage of development of 
a p ro jec t  compound r8it.h o thers l a t e r  on. Agrees w i t h  biased 
e r ro r  repo r t s  statements. Suggests r a t i n g  e r r t r s  w i t h  - re la t i onsh ip  to t h e i r  e f f e c t  1. safety  consequences, L .  
economic consequences, and 3, personal consequences. Deals w i t h  
humans as monitors of automated systems and the  hurran's 
detect ion of an e r r c r  cond i t ion  i n  the mechanical system. 
Siege1 ( 1970) 
Develops eight models with various characteristics. One even 
incorporates both equipment and human performance so as to yield 
e prediction of integrated system reliability. Feels there has 
been little effort towards human reliability in a system context 
and considering human reliability with equipment reliability to 
get system reliability. Acknowledges that behavioral studies are 
considerabiz in number but they are restricted in application. 
Believes that current system operator/maintainer unreliability 
situations contribute t o  total sysL2m unreliability m o r e  than 
hardware unreliability situations do. Therefore, considering 
only equipment reliability during design phases exposes a 
designer to the risk of a gross overstatement of system 
reliability. The models are stochastic since human behavior is 
dynamic and can not be represented by deterministic models. 
Human behavior is time varying. People learn, read differently 
under stress, vary in ability and attitudes. Leadwship and 
personal factors affect human performances humans get sick and 
fatigued. Decision making ability affects system perfor nance. No 
two humans are alike. They are vary flexible and adaptive. The 
models are stochastic digital simulations and sequentially 
simulate the acts and behaviors of the operatore/maintainers in a 
man machine system as the tasks involved in mission performance 
are executed. "Current perLormancc is based on such variables as 
past performance, the actions of other crew members, the current 
stress level, the input of individual proficiencies, and random 
fluctuations. All models consider the impact of initially 
51 
unanticipated events such as malfunctions and emergencies on 
operator /system performance. Some even emphasize social 
interactive and group iaciiitative variables as well as 
individual performance variablcs. " 
SinQleton (1972) 
Feels tha t  recent attempts t o  c l a s s i f y  e r ro rs  emphasizes the  
d i s t i n c t i o n  between causes, e f fects ,  and remedies. Considers 
ana ly t i ca l  techniques. Goes along w i t h  those who f e e l  a taxonomy 
i s  needed before anything else. Af ter p r a c t i c a l  experience w i th  
nat ional  repor t ing  t o  the  data base. a taxonomy would emerge. 
Points  towards t h i s  philosophy i n  the  techniques f o r  improving 
product ion books. Says c l a s s i f i c a t i o n s  have f a l l e n  under seven 
types: commission : omission; reve rs ib le  : i r reve rs ib le ;  systema- 
t i c  : random: detectable : undetectable; formal : substantive: 
recoverable by machine, man, or ne i ther :  inpu ts  : outputs : 
decisions. Reviews each of these techniques from other sources 
and concludes t h a t  t he  existence of a l l  these d i f f e ren t  
techniques conf i r m s  t he  complexity of the  problem. Discusses 
ana ly t i ca l  techniques versus s t a t i s t i c a l  techniques. Accidents 
a re  r a r e  and the  repor t ing  of  r e s u l t s  i s  d is tor ted.  A s  f o r  
d i s t r i b u t i o n  curve f i t t i n g :  "Poisson can usua l ly  be in te rpre ted  
as r e s u l t i n g  from a s i t u a t i o n  of  equal r isk, a negat ive binomial 
r e s u l t s  from a s i t u a t i o n  where there are some higher r i s k  
elements a l l  the  time." Type A e r ro rs  r e s u l t  from si tc lat ions 
where a l l  the  elements are a t  a higher r i s k  l e v e l  f o r  p a r t  of the  
time. The c r i t i c a l  ind icant  method researches near-accidents and 
thus provides a la rger  sample size. Observation methods have a 
t ra ined person inves t iga te  the  accident immediately a f t e r  i t  
happens. The mort obvious technique f o r  deal ing w i t h  human er ro r  
is t o  automate. The p r a c t i c a l  s i t u a t i o n  turns out t ha t  machines 
are poor a t  e r ro r  cor rec t ion  wh i le  people are except ional ly  good 
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i n  t h i s  area. I n  a d d i t i o n ,  p r 3 p e r  human f a c t o r s  d e s i g n  
t e c h n i q u e s  c o n t r i b u t e  t o  total  error r e d u c t i o n .  A l l o c a t i o n  of 
f u n c t i o n ,  interface and workspace d e s i g n ,  s e l e c t i o n  and t r a i n i n q ,  
o v e r q u a l i f i e d  p e r s o n n e l ,  r i g i d  p r o c e d u r e s ,  c o n t i n g e n c y  p l ann ing .  
human and hardware  based  m o n i t o r i n g ,  working hour  c o n t r o l s .  and 
o t h e r  c o n d i t i o n s  a l l  are c o n t r i b u t o r y  t o  error r e d u c t i o n .  
Re i te ra tes  problems i n  error - i n v e s t i g a t i o n  b e c a u s e  of t w o  
theories: 1. t o  err is human and  2. humans are r e s p o n s i b l e  for  
t h e i r  own a c t i o n s  i n c l u d i n g  errors. P l a c i n g  t h e  blame is 
i n v o l v e d  and p e o p l e  w i l l  n o t  own up t o  t h e i r  m i s t a k e s  i n  g e n e r a l .  
Recognizes  t h a t  humans w i l l  m a k e  errors and c lass i f ies  t h e  k i n d s  
of errors which are l i k e l y  t o  occur .  I d e n t i f i e s  t h e i r  c a u s e s  a n d  
e f f e c t s  and d e v i s e s  methods of minimiz ing  error rates and t h e  
consequences  of errors. 
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Swain (1964, 1947, 1970, 1973) 
Was the  develo, - of  THERF (Technique for Human Error  Rate 
Predic t ion)  a quan t i t a t i ve  technique f o r  p red ic t i ng  human 
r e l i a b i l i t y .  Constructs a f a u l t  t r e e  t o  show re la t ionsh ips  
between tasks performed by a human being. Uses the  AIR Data 
Store (Payne and Altman 1964) along w i t h  expert judgement a5 t o  
ind iv idua l  p r o b a b i l i t i e s  o f  success and appl ies p r o b a b i l i t y  
theory t o  a r r i v e  a t  a f i n a l  r e l i a b i l i t y  f igure.  The AIR Data 
Store was the  f i r s t  attempt a t  a human e r ro r  data base. Also had 
contr ibuted t o  the  development of SHERB (Sandia Human Error  Rate 
Bank). be l ieves a data bank, should come before a l l  other 
research. Set up forms t o  be used and a f i l i n g  system f o r  a l l  
t he  in format ion gathered. These techniques are used f o r  
procedural i r e d  cases. Feels t h a t  modeling ebf o r t s  have been 
adequate and researchers should concentrate i n  other areas. Says 
3 human e r ro rs  occur when people 1. f a i l  t o  perform a task, L. 
perform a task incor rec t ly ,  3. put i n  wrong task, 4. perform 
task out o f  sequence, or 5. f a i l  t o  perform task i n  a l located 
time. Feels t h a t  e f f o r t s  should now be concentrated on a data 
bank. Analysts should not consider the  consequences of e r ro r  i n  
a data bank, on ly  the  p r o b a b i l i t y  of er ror .  Should develop a 
bank f i r s t .  A f te r  ana lys is  of  the  bank, a taxonomy should be 
developed. Computerization i s  not  un i ve rsa l l y  recommended. Is 
the  o r ig ina to r  o f  the Performance Shaping Factor (PSF). Suggests 
making a l i s t  of  FSFs and r a t e  each one f o r  each human er ro r  
r e l i a b i l i t y  analysis. T h i s  i o  b a s i c a l l y  a quant i f ied  sub jec t ive  
judgement of t he  PSF. Feels tha t  forms f o r  repo r t i nq  e r ro rs  and 
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those put i n  the  data bank should be unstructured. Should be 
able t o  repeat the  e r ro r  by the  descr ipt ion,  l i k e  descr ib ing an 
experiment. Should record preceding tasks and fo l low ing  tasks. 
Suggests t h a t  s u b s t i t u t i o n  o f  machines fo r  human funct ions o f ten  
decreases ra ther  than increases system re1  i a b i  1 i ty.  Says the  
techniques f o r  e r r o r  quan t i f i ca t i on  as of 1964 are trees, 
scaling, experimentation, and l i t e r a t u r e  search. L i s t s  the  
fac to rs  of er ror :  condi t ions of  learning, performance caoacity. 
a t ten t i on  or a l e r t i n g  condit ions, in format ion given by 
inst ruct ions,  feedback condit ions. environmental va r i  ab1 e=. and 
e f f e c t  of  personal equipment and c lo th ing.  Feels t h a t  taxonomy 
and modeling techniques are needed. Says there i s  always a 
tradeoff between costs and e r r o r  reduction. Says tha t  most e r r o r s  
are caused by the  design of the  work s i t u a t i o n  rather  than by 
imcompetence, poor mot ivat ion or  carelessness. S i tua t ions  cause 
most of the  errors.  The s i t u a t i o n  i n  which a worker performs i s  
cont ro l led  by management and can a f f e c t  mot ivat ion and Job 
sat is fact ion.  Er ro rs  are when an ac t i on  exceeds t o l e r a b l e  
l i m i t s .  E r ro rs  are i n e v i t a b l e  unless 1. there  w e  no t o l e r a b l e  
l i m i t s  set, 2. to lerance l i m i t s  exceed the  r.cnge of human 
v a r i a b i l i t y ,  or  3. oppor tun i t ies  t o  commit e r r o r s  are small. 
Says tha t  e r ro r  i s  a na tura l  and i n e v i t a b l e  func t ion  of human 
v a r i a b i l i t y .  People e r r  because they can do so many d i f f e r e n t  
things i n  so many d i f f e r e n t  ways. Feels t h a t  there i s  no such 
th ing  as er ro r  proneness. Recommends tak ing  tho work s i t u a t i o n  
approach, t h a t  i s  matching a job 's  demands and people's 
a b i l i t i e s .  Feels t h a t  preventat ive measures are .nore e f f e c t i v e  
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than remedial ones. Provides a d e f i n i t i c n  of er ror :  c o n f l i c t s  
between extra- and in t ra - i nd i v idua l  f a c t o r s  cause errors. Types 
o f  e r r o r  are 1. f a i l s  t o  perform task, 2. performs task 
i nco r rec t l y ,  3. introduces extraneous task elements, 4. performs 
t a s k  out of sequence, or 5. f a i l s  t o  perform task in a l l o t t e d  
time. Hence behavior reduces the success of system. Gives a 
comprehensive l i s t i n g  of t h e  FSFs. Discusses research done on 
rest  per iods by the  Enqlish. 
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VanCott and Kinkade (1971) 
Discuss variable and constant errors. Provide the definitions 
which are commonly accepted b y  the discipline. This is a 
landmark foundational compendium of design guideline information 
for equipment design. Attempts to apply classical probability 
theory to human errors and to calculate the probability of 
occurrance of human error. Agree with Askren in that 
measurements of human character i st i cs f 01 1 o w  a Gauss1 an 
distribution including errors which follow a bell-shaped curve. 
Allow the mean to be characterized by constant error and the 
standard deviation to be Characterized b y  variable error. In the 
case of variable error, they feel that human errors compound 
linearly with go-no-go situations. 
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Wheale and O’Shea (1982) 
Study the  e f fec t  of noise on e r r o r  ra te.  The hypothesis was t h a t  
noise a f f e c t s  performance by increasing arousal. Ex t rover ts  
scored more e r r o r s  than i n t r o v e r t s  and h igh neurot ic ism scale 
people a l so  had more errors.  The r e s u l t s  showed t h a t  intense 
noise does not  have any harmful e f fec t .  I n  f a c t  i t  masks 
d i s t r a c t i n g  s t i m u l i .  Level o f  arousal was a l so  not  r e l a t e d  t o  
noise. It tended t o  s t a b i l i z e  and t o  su i t  task demands. 
Theorize t h a t  noise should have a f fec ted  a short-term memory 
tasl.. In te rmi ten t  noise has t h e  greatest  e f f e c t  on increasing 
the  e r ro r  rate.  Noise increases arousal on ly  when the  tasi. i s  
chal lenging and the  noise represents a p o t e n t i a l  t h rea t  t o  the  
sa t i s fac to ry  completion of  the  task,. Ex t rover ts  have s o c i a b i l i t y  
and impulsiveness. Impulsiveness i s  r e l a t e d  t o  d e s t r a c t a b i l i t y  
which increases errors.  Their f i n a l  r e s u l t :  noise does not 
a f fec t  the  l e v e l  o f  arousal but  t he  l e v e l  o f  arousal does a f f e c t  
the  e r ro r  r a t e  o f  humans. 
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PAKT i i :  Stress and Job Performance 
A1 1 u i  s i  ( 1978) 
References Chi les (1967) and h i s  four  problems of  performance 
assessment: 1. c r i t e r i o n ,  2. task taxonomy, 3. r e l i a b - I i t y  
of performance measuresz and 4. r o l e  of face v a l i d l t y .  
Comments t h a t  by 1978 only  problem 1. i s  s t i l l  per t inent .  
Further, repor ts  t h a t  the  U.S. Supreme Court has endorsed t h a t  
performance-based c r i t e r i a  be requi red f o r  acceptance v a l i d a t i o n  
of se lec t ion  techniques. and t h a t  a t e s t  va l idated on one task 
cannot be used f o r  another task. unless i n  can be shown there are 
no s i g n i f i c a n t  d i f ferences between the two tas l s .  
Cox (1978) 
Provided are three approaches t o  studying stress: 1. the 
dependent variable is a person's response to a disturbing 
environment, 2. the independent variable is the stimulus 
characteristics of a disturbing environment, and 3. investigate 
the difference between the stimulus and the response as an 
indication of "lack of fit." Also provided is a response-based 
model of stress which relates a stressor-to-stress relationship 
t o  a stimulus-to-response relationship with respect to 
physiological and psychological forms of stress. Indicates that 
it has been empirically shown that conditions thought t o  cause 
stress do not always cause performance degradation. Identifies 
three difficulties with stimulus based definitions of stress: 1. 
it can not be reliably identified what aspects of real-life are 
actual 1 y stressf M L  . 2. stress present in an individual can not 
be quantified, and 3. human variability across conditions has 
not been adequately investigated. Finally, the investigator is 
cautioned to self-examitre the experimental design because it is 
usually not clear whether the stress exists in the eye of the 
subjects or in the eye of the empiricist. 
Cox ar?d MacKay (1981) 
Provided i s  the  t ransact ional  model of stress: s t ress  is 
corre la ted to a p a r t i c u l a r  re la t i onsh ip  between humans and t h e i r  
environment. There are f i v e  stages i n  a t y p i c a l  s t ress  
experience cycle: 1. the re la t i onsh ip  of the  person t o  the 
qources of a demand, 2. the  person's perception of the  demand 
and h i s l h e r  a b i l i t y  to cope. 3 .  the person's psychophysical 
reac t ion  t o  the  imbalance between the  actual  demand and the 
person's actual  a b i l i t y  t o  cope, 4. t he  impact of  the person ' i  
coping responsesr and 5. the  l e v e l  and character of feedbacl i n  
the loop. Generally extremes of sensory s t imu la t ion  (audi tory  
noise, heat (or lack. of heat) , humidity, i so la t i on .  congestion. 
etc. 1 and extremes of workload are considered to be s t ress fu l .  
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Uses Meister ’s (1977) human per f  ormonce model. States t h a t  the  
t e r m  s t ress  i s  used ind i sc r im ina te l y  i n  r e l i a b i l i t y  l i t e r a t u r e .  
Stress i s  o f ten  discussed i n  connection w i th  the  ef fect iveness of 
a human operator i n  coping w i th  various types of system 
emergencies. Others use s t ress  only  i n  expla in ing the  e f f e c t s  
induced when inadequate t ime i s  ava i lab le  t o  accomplish a se r i cs  
of  tasks. Besides extreme condit ions, one i s  a lso  in te res ted  i n  
the  imp l i ca t i on  of  s t ress  +or day- to-day r e l i a b i l i t y .  States 
t h a t  a human funct ions best under condi t ions when there i s  a 
moderate load. The performance would be l ess  thap maximal e i t h e r  
i f  the demand i s  to \ )  h igh  or i f  the  demand i s  too  low. Suggests 
t h a t  Hebb’s (1955) arousal theory imp l ies  t h a t  a c e r t a i n  amount 
of v a r i e t y  i s  necessary f o r  minimizing the e f f e c t s  o f  load 
stress. Deficles s t ress  based on McGrath (1970) as the r e s u l t  of 
an imbalance between demand and the  organism’s capaci ty to meet 
tha t  demand. States t h a t  t h i s  is, i n  turn,  a func t ion  of the 
i n t r i n s i c  c a p a b i l i t y  of the operator, h i s  t ra in ing ,  and h i s  
physical  s t a t e  &hen confronted w i th  a demand. Refers t o  the 
Eysenck. Personal i ty  Inventory and i t s  i n d i c a t i o n  of extroversion 
and in t rove rs ion  persona l i t y  t r a i t s .  I t  i s  recommended tha t  
extremes of these t r a i t s  should be avoided when p lac ing  humans i n  
a monitoring task ( c a l l i n g  f o r  extroversion).  Says e f f e c t i v e  
t r a i n i n g  can considerably reduce s t ress  praduced by emergency 
s i tua t ions .  Presents the  fo l l ow ing  measures t h a t  should be 
considered t o  cnsure re1  i ab1 e operator performance i n  s t resof  u l  
condi,tions: 1. incorporat ion o f  hutan fac to rs  p r i nc ip les ,  2. 
selection of operators based on their ability to cope with 
stress, 3. emphasis on training in stressful situations. 4. 
provision of a task. sperifica+ion with a reasonable level of 
built-in activity in order to provide tbe operator with an 
optimal level of activation, and 5. consideration 0.f using 
mediation techniques to increase the individual ' 5  resistance to 
stress. 
64 
Finley (1969, 1970) 
Addresses the taxonomies developed by Alluisi. Miller and Meister 
for task analysis. A l ~ o  discusses the Fleishman-Parker approach 
wbich is based on the method of differential psychology and 
ability identification. Took the reports of operational tasl. 
analysis and used Meister's taxonomy to develop a set of 75 
behavioral dimensions. These were divided into s i x  classes: 1. 
individual gross body movement abilities, conceptual and 
thinking abilities, 5 .  psycho-motor abilities, 4. perceptual- 
cogni ti .re abi 1 it i es. J.  memory functions, and 6. adjustment 
potential. 
-I 
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Hogan and Hogan (1982) 
State that the Stress Activation Syndrome (SASI entails all 
processes connoted by the term 'stress.' There are three 
components: 1. stressors, 2. stress responses. and 3, 
subjective or psychological factors that mediate between 1 and 2. 
Stressors a:-e defined as physgcal (stimuli that palpably and 
noxiously impinge on an individual 1 and psychological (stimuli 
that generate the anticipation of harn, -- either physical or 
social . There are five general categories of stress responses: 
1. General Adaption Syndrome ( 3 A S )  which is a psychological 
phenomenon describing the relationship between alarm coping and 
exhaust i on. 2. fight vs. flight where physiological changes in 
- the GAS serve to energize the system to one or the other, -. . 
beroming i l l  which is a completely involuntary complex function 
of several co-occurring conditions. 4. psychosomatic disorders 
whicp lie between the realms of psychology and medicine. and 5. 
long term performance decrement due to a combination of illness. 
distractability, inattention, fatigue. and stress related abuse. 
Present f i v e  theories to stress: 1. emotional homeostasls -- 
the stressful state is characterized by emotional arousal 
(usually anxiety), somatic changes, and certain kinds of 
cognitive activity in response to stressors, 2. person to 
environment fit -- good match leads to high performance. 
expressed satisfaction, and low stress whereby a poor match leads 
to performance decrement. di ssat i sf act i on, anx i et yr depressi or). 
elevated blood pressure and heart rate, and somatic complaints, 
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3. sociological -- advocating that the causes of stress are 
found in the structural features of the social environment not in 
the individual, 4. Type A Behavior -- which is the behavior 
pattern characterized by excessive aggressive drive, impatience. 
a sense of time urgency. a compulsive need for achiev-nt, and a 
need for e::treme job involvement, and 5. Life Changes -- based 
on Social Readjustment Ruling Scales (SRRS) which are currently 
being investigated on how they relate to illness onset. Discuss 
four problems with stress research: 1. personality measures are 
not powerfully associated with the magnitude of stress responses. 
2. there is a conceptual confusion due to a lack of common terms 
and descriptors. hence making it difficult t o  correlate 
independent studies, 3. the fact that psychoanalysis is solving 
problems but not in the manner of it being research from which 
conclusions. results, etc. can be derived and used for the 
general good. and 4. there still exists an undeveloped 
measurement base fo r  stress. States a socioanalytic theory of 
stress which conceptualizes the subjective factors which mediate 
stress responses by characterizing the human as a group-living 
and culture-using animal who needs a character structure (rules. 
values. and expectations) and a role structure (individual 
perception of rules, valu@s, and expectations) . State that 
stress proneness (or vulnerability) is a direct function of self 
esteem which is an indirect and complicated function of the 
character and role structures. Recommend to first establish an 
adequate measurement base then study the relationship among 
perrmality structure, stress vulnerability, and vocational 
placement. 
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Howarth (1978) 
Provides four  theo re t i ca l  views of stress: 1. biological 
(human l i f e s t y l e  d i f f e r s  too much from cur ren t  l e v e l  of 
adapt i on 1 , 2. developmental (human is unprepared f o r  the 
soc ia l  (exposure t o  ? demands of chosen l i f e s t y l e ) .  3. 
c o n f l i c t i n g  soc ia l  pressures compels human t c  p lay  inconsis tent  
roles,  and 4. phenomenological ( there  i s  a discrepancy between 
the  human's l i f e s t y l e  and h is /her  asp i ra t ions) .  
Presents the  q u a l i t y  o f  emplovment survey and provides a fac to r  
s t ruc tu re  which analyzes the  importance o f  t h e  job 
cha rac te r i s t i cs  der ived from the  si. 'y. A job i s  d iv ided i n t o  
e igh t  basic aspects: 1. tasl. content, 2. autonomy and 
contro l ,  3. supervis ion and resources, 4. r e l a t i o n s  w i th  co- 
wxkers,  5. wages and rewards, 6. promotions, 7. wor)..ing 
condit ions, and 8. organizat ional  context. Argues t h a t  most 
people want t o  work (bovond the  need f o r  economic gain) and t h a t  
depr iva t ion  of  w o r k  is a s t r e s s f u l  and p o t e n t i a l l y  damaging 
s i t ua t i on .  
Latarus (1976) 
Provided an i n te rac t i ona l  d e f i n i t i o n  of stress: s t ress  occurs 
when there i s  a demand which taxes or  exceeds one’s ad jus t ive  
resources. States t h a t  f r u s t r a t i o n  i s  a form of  harm already 
evident i n  a human. Threat i s  a n t i c i p a t i o n  of  harm. Harm is 
physical, psychological , or soc ia l  damage. Defined demand a5 a 
request or  requirement of physical  or mental ac t i on  and impl ies 
some t ime r e s t r a i n t .  Four comprehensive observations are made: 
1. s t ress  develops from a p a r t i c u l a r  re la t i onsh ip  between the 
person and his/her environment. ? the soc ia l  background of 
s t ress experience i s  a c r i t i c a l  factor ,  3. a major problem wi th  
laboratory  studies i s  t h a t  the 5UbJeCts usua l ly  are ins t ruc ted  
(or they expect) t h a t  the s t ress  e::perience i s  con t ro l l ed  and 
w i l l  be of shor t  durations. and 4. there i s  too  much ambiguity 
i n  a vast catalog of terms used i n  the  s t ress  area, hence mal.inq 
subject ive response data subject  t o  scrut iny.  Coping w i th  
demands i s  both psychological (cogn i t i ve  and behavioral 
s t ra teg ies)  and pi lysiological .  I f  normal coping i s  i n e f f e c t i v e ,  
s t ress i s  prolonged and abnormal responses may o ~ t i i r .  Prolonged 
st ress may r e s u l t  i n  func t iona l  and/or s t r u c t u r a l  damage. 
McGrath (1976) 
States tha t  s t ress  occurs when d human confronts a i-.mand which 
i s  perceived to be beyond h is /her  capab i l i t i es ,  given t h a t  the  
human wishes to cope w i th  the  demand. Makes the  controvers ia l  
statement t h a t  s i t u a t i o n s  of small d i s p a r i t y  between the  demand 
and one's percept ion of  c a p a b i l i t y  to cope are  more s t r e s s f u l  
than the  opposite. 
Peter son ( 1980 ) 
Refers t o  s t ress  as load and breaL:s i t  i n t o  long-term and short-  
term categories. Short-term i s  defined as t he  present work-. 
s i tua t ion .  Short-term load i s  a func t ion  of  current  and ou t r i de  
inf luences and i n t e r n a l  feel ings.  Factors involved are the  tas i  
i n  i t s e l f ,  the  psychological load e.q., task ambiguity. tasl. 
success c r i t e r i a .  feedbacb. tasl.. confus:on, s h i f t i n g  goals and 
taskss environmental load. fa t igue,  and boredom. Long-term is 
defined as r e l a t i n g  t o  the  e f f e c t  o f  s t ressors associated w i t h  
l i f e  s i t u a t i o n s  or  current  mental health. Long-term load i s  the 
re la t i onsh ip  between a person's l i f e  s i t u a t i o n  and h i s  1 iLe l ihood 
of  being involved i n  accidents. 
Provided eight sources of stress: 1. accelerated information 
pr ocessi ng L. noxious environmental stimuli 3. perceived 
threat. 4. disrupted physiological function due  to a disorder, 
5. isolation and confinement, 6. blockinq. 7. group 
pressure, and 8. frustration. Source 8 was redefined by 
Frankenhauzer (1975) as a lack. of control over events. 
c) 
Welford (1973) 
Stated that stress arises whenever there is a departure from 
optimum conditions of demand which the person is inhibited from 
rectifying. Agrees with Hebb (1955) that a plot of performance 
versus demand is a conve:: parabolic curve which indicates low 
performance for both low and high demand. 
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PART 111: Accidents and Safety 
CSnderson, R. (1983) 
Discusses the data collected in slipping. falling, and tripping 
accidents. It induces traininj and experience, number of hours 
worked, form of payment. 
Corbett (1978) 
Emphasizes the need of an accident causation model based on 
psychological processes for adequate analysis of accidents. Thc 
logic of the psychological aspects of accident occurrences is 
presented as memory interpretaticn and identification. This 
logic results in sensory inputs which produce f a i l w e  and 
incorrect output. 
Craven (1981) 
Emphasizes the importance of using a formal strategy in fire and 
explosion investigations so thst evidence is not disturbed and 
opinionating is sirpressed. Suggests a checklist of common 
cacegorieo of behavior Ctaxonovyl which may be associatkd with 
intentional fires. 
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Danaher (1980) 
States t h a t  c o n t r o l l e r  e r r o r s  are not  due t o  the  mechanical 
systems but  are due t o  human mistakes i n  a t ten t ion ,  judgement. 
and communications among personnel and supervisors. 
Fowler (1980) 
Desires f o r  t he  human e r ro r  analys is  problem readdressed w i th  a i r  
t r a f f i c  con t ro l l e rs .  The idea i s  not  t o  reduce e r ro r  p o t e n t i a l  
but  t o  increase the number of a i r c r a f t  under p o s i t i v e  cont ro l  by 
a s i n g l e  con t ro l l e r .  The operators ( c o n t r o l l e r s  and p i l o t s )  m u s t  
be understood and appreciated i n  terms of  t h e i r  c a p a b i l i t i e s  and 
1 im i ta t ions .  
A s k s  f o r  a d i f f e r e n t  approach i n  accident data co l l ec t i on .  
Questions whether indus t ry  accident repo r t s  are ever read. 
States t h a t  current  approach i s  t o  t r y  t o  devise a means of 
i d e n t i f y i n g  hazards so as t o  determine which warrant rev is ion .  
Calls f o r  a data bank which inc ludes near-misses, and a need t o  
t r a i n  operators t o  b e t t e r  recognize human e r r o r s  as they occur. 
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Levine (1976) 
States that industrial accidents have been reduced significantly 
by considering the hazardous properties of machines. lighting. 
noise, and physiological limitations of operations. behavioral 
scientists have introduced social and psychological attributes 
(including life situations) of workers as additional dimensions 
of accident etiology. 
Patnoe (1978) 
States that it is generally agreed in the field of accidmt 
investigation that 80% of all accidents are the result of human 
failure and the other 20% are attributable to mechanical failure 
or acts of God. States that Holmes and Rake (1967) conducted a 
landmark study on social stressors and the Social Readjustment 
Rating Scale (SRRS). States that test data from Holmes and 
Masuda (1974) establishes a consideration between life events of 
the individual and accident causation. 
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P i n i a t  (1978) 
There i s  a need 
unsafe acts. Ex 
t o  place greater 
mines p r i n c i p l e  
emphasis on the  cont ro l  of 
of mo t i va t i  n theory as a 
p o t e n t i a l  t o o l  f o r  the  safety  professional  t o  minimize the  
frequency and seve r i t y  of harmful events by con t ro l  1 i n g  unsafe 
acts. Stresses job  s a t i s f a c t i o n  factors .  The safety  
professional  must be ab le t o  u t i l i z e  the  most valuable resource 
at h i s  disposal, the employee, t o  opt imize the  e f f i c a c y  of his 
e f f o r t s  towards a safe and h e a l t h f u l  en*dironment. 
S lov ic  (1982) 
Refers t o  Wilder's theory of r isk .  homeostasis which i s  a 
hypothesis t h a t  people have a ta rge t  l e v e l  o f  r i s k .  i n  d i f f e r e n t  
a c t i v i t i e s  and these are not  necessar i ly  t he  same ta rge t  f o r  a l l  
a c t i v i t i e s .  T h i s  w i l l  cause sa fe ty  measures t o  be i n e f f e c t i v e  
from t ime t o  time. Feels t h a t  reducing people's to lerance f o r  
r i s k  should have a sa lu to ry  r = f f o c t  on safety. 
Smillie and Ayoub (1976) 
Present a simulation modeling approach for aiding in the 
discovery of potential hazards that are essential for the 
functioning of the accident process. This model is a closed-loop 
system which considers the major factors of presented, expected, 
and perceived information, the actions of the situation, and the 
feedback t o  the human. Incorporate new features into model of 
Hale and Hale (1976) and include the flow of information 
constructed according to a multilinear events sequencing approach 
suggested by brenner (1975). 
Swain (1972) 
States that occupational accidents are frequently written off as 
results of humar! error or poor workmanship. Provides four 
models: 1. single, 2. sequential, 3. logic diagram, am+ 4. 
dynamic models. Suggests that ergonomists should concentrate on 
making improvements in the working environment instead of ma1::ing 
unfruitful attempts to reduce natural variations of human 
behavior. 
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Wei ner ( 198O) 
Sees airline collisions 6s results of system induced errors9 
resulting from A system that emphasizes airspace allocation and 
political compromise rather than dealing directly with the 
various problems facing controllers and pilots. 
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UFFENDXX C 
ILI-USTRATED EXAMPLE O F  A TASk REVIEWED BY THE TRM 
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APPENDIX C :  Ill-ustrated Exaqle of a Task Reviewed by the TRM 
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